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Abstract – This paper deals with application of 
the diakoptic method in analyse of the switched 
circuits. There are a few methods for assembling 
of the matrix which is circuit described.  
Combination diakoptic method which combine the 
combined transformation method and the 
decomposition of the reduction formula into the 
capacitance matrix is described below. A simple 
illustrative example is given, too.  
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I.  INTRODUCTION 
Many methods have been developed to analyse 
switched circuits [1], [5], [6], [11], [12]. There are 
many methods to derive the capacitance matrix 
describing the switched capacitor circuits in the two-
phase switching, too. Some of them are compiled 
resultant matrix which is subsequently reduced which 
is very unclear. Other methods compiled the resulting 
matrix of reduced matrices. Therefore, it is necessary 
to decompose the reducing relationship. One 
possibility of the decomposition is the application of 
the sum matrices, the other use of classical diakoptic 
methods. Decomposition can be derived in different 
ways again. Some methods originated with diakoptics 
which was introduced by Kron. A common problem 
of the decomposition methods is the complexity of the 
algorithms and the high level of the abstraction used.  
Diakoptic method decomposes the circuit into 
several subcircuits. Each subcircuit is described by its 
matrix Yi [4]. The resulting matrix is composed of 
sub-matrices (for example) Y1, Y2 connected by the 
incidence matrices I1, I2 (1).  
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While nonregular elements reduce each of the 
submatrices separately (2)  
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as is shown in Figure1 for example for VFA and 
CCII+,  reduction relationship is compiled for each of 
the submatrix separately. It means, that is 
subsequently decomposed between all submatrices.  
The conductivity matrix G and/or capacitance 
matrix C is used to solve of the switched circuits. 
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Figure 1.  The circuit is decomposed into two subcircuits 
II. ASSEMBLY OF THE REDUCTION RELATION  
The reduction formula is assembled using methods 
combined transformation [5], which is described the 
effect of switches and operational amplifiers. Consider 
Fig.2, where the phase are marked as odd (O) and even 
(E), while the nodes are numbered as 1, 2, 3.   
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Figure 2.  Switched circuit for example  
In E phase are connected nodes 1. and 2., in O 
phase nodes 2. and 3. Thus reduction formula is 
compiled for integrated i.e. undecomposed circuit 
unlike diakoptics methods. This formula is in 
following form (3) 
 
[ ]O.O,E.E:.O.O,E.EC~C 32213221 =====                (3) 
 
where index before  the colon is used to reduction of 
the rows and the index after colon is used to reduction 
of the columns of the capacitance matrix [2], [4], [5], 
[8], [10]. Consider SC circuit from Fig.3. 
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 Figure 3.  Circuit from Figure 2 in E and in O phase 
In E phase are connected nodes 1. and 2., in O 
phase nodes 2. and 3. [12]. Thus reduction formula is 
compiled for integrated i.e. undecomposed circuit 
unlike diakoptics methods. This formula is in form 
(3), too. 
   The reduction formula is decomposed into partial 
formulas for each phase in follows step. 
   Consider now the circuit from Fig.2 in both phases 
E and O separately, as in shown in Fig.3.  
In E phase are connected the nodes 1. and 2., 
therefore circuit in E phase can be described by 
reduction formula (4).  
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In O phase are connected nodes 2 and 3, therefore 
circuit in o phase can be described by the reduction 
formula (5). 
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Comparing the relationships of (3), (4), (5) is clear 
that the reduction relation (3) is decomposed into 
relations (4), (5) follows: 
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    As we can see, the diakoptic method is applied into 
reduction formula, not into schematic diagram of the 
circuit and/or into matrix by which is circuit 
described, the reduction formula is decomposed in 
this case. 
   The rule for the decomposition of the reduction 
relation follows from a comparison (6) of the 
relationships (3), (4), (5) follows: In sub-reduction 
formulas are used only indexes of this phase that are 
indexes of this submatrix, too. For example in 
submatrix CEE (where first index is E and second E) 
is used reduction of the rows (i.e. indexes before the 
colon are 1E, 2E) and the columns (i.e. indexes after 
colon are 1E, 2E), too. In submatrix COO (where first 
index is O and second O) is used only reduction of the 
rows (i.e. indexes before the colon are 2O, 3O), and 
the columns (i.e. indexes after colon are 2O, 3O, too). 
Relationships (4), (5) are describing transfer in E and 
O phase only. Transfer between phases E and O is 
described in general formula (1) by the two incidence 
matrices I. These matrices are CEO and COE in 
relationship (7) where time different between phases 
E and O is described by the member z-1/2.  
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Consider circuit from Fig.4. 
 
 
1 E O
2
3
CC C1 2
 
Figure 4.  The circuit for example  
Thus the matrix described circuit from Fig.4 is (8)  
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partial matrices after application (9)  
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are in form (10) 
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Thus the resulting capacitance matrix C will be in 
form (11). 
 
⎥⎥
⎥⎥
⎥⎥
⎥
⎦
⎤
⎢⎢
⎢⎢
⎢⎢
⎢
⎣
⎡
+−−
−
−
−−+
−−
−
−
−−
22
2
1
2
1
11
2
1
2
2
1
2
2
1
1
2
1
1
CC0CzCz
0C0Cz
Cz0C0
CzCz0CC
              (11) 
 
Thus the general rule for the decomposition of the 
reduction relation is follows: Consider another 
reduction formula in general form (12). 
 
             
[ ]
[ ] [ ]
[ ] [ ]dOcOdO:cO
00
bEaEdO:cO
OE
dOcO:bEaE
EO
bEaE:bEaE
EE
dOcObE,aEdO:cObE,aE
C~C~
C~C~
C~C
>>〉>
>〉〉〉
>〉>〉
++
++=
==
              (12) 
 
In other words: in submatrix CEE (where first index 
is E and second E) is used reduction of the rows aE, 
bE only (because the indexes before the colon are aE, 
bE), indexes cO, dO are not used (because index O is 
not used as an index in this submatrix). Second index 
of submatrix is E, then the indexes after colon are aE, 
bE only, indexes cO, dO are not used. In submatrix 
CEO (where first index is E and second O) is used 
only index E for reduction of the rows (indexes before 
the colon are aE, bE, indexes cO, dO are not used), 
only index O for reduction of the columns is used 
(because only index O is an second index of matrix, 
therefore indexes cO, dO are used, indexes  aE, bE 
are not used for reduction of the columns).  
 Decomposition formula is in next step applying to 
reduction of the capacitance and/or conductance 
matrix. Thus relationship is reducing in these cases. If 
circuit contains an operational amplifier, reducing 
relationship is given by the sum of the reduction by 
switch and by operational amplifier. Consider circuit 
from Fig.5. 
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Figure 5.  Circuit with switched capacitor and operational 
amplifier 
In the even phase are connected nodes 1. and 2. (i.e. 
by switch will be 1E=2E:1E=2E), in odd phase are 
connected nodes 2. and 3. (i.e. by switch will be 
2O=3O:2O=3O). Output node of operational 
amplifier is 4. (i.e. 4E>0, 4O>0:), input nodes is 3. 
(i.e. :3E>0,3O>0,2O>0). Node 1. is disconnected in 
odd phase (i.e.1O>0:1O>0). Thus reduction formula 
will be (13). 
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The capacitance matrix is (14) and the partial matrices 
are (15). 
 
11
11
CC
CC
C
:.4
:.3
:.2
:.1
:.4:.3:.2:.1
−
−
          (14) 
 
CEE=
1C
C
−
,  COO= 1C−  
             (15) 
CEO=
1C−
, COE= 1CC −    
 
Thus the resulting matrix (16) is composed of 
these four sub-matrices. 
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III. ILLUSTRATIVE EXAMPLE 
For example, the described method will be 
resolved by the medium size circuits with switched-
capacitor . Let consider an medium size SC circuit. 
This circuit (biquad) with switched capacitors and op 
amps is shown in Fig.6. 
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Figure 6.  The medium size switched circuit 
The circuit consists from 10 nodes, therefore 
capacitance matrix (17) consists from 10 rows and 10 
columns, too. 
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The reduction formula (18) of this circuit is in next 
step decomposed into four partial formulas follows,  
 
==
⎥⎥⎦
⎤
⎢⎢⎣
⎡
>>>=>>>>=>
>=>==>>>=>
>>>>=>>===
010O 0,9O  0,7O) (6O 0,5O 0,3O 0,2O 0,10E,1O8E  0,7E
 5E,6E0,4E9E)(3E 2E,1E:00,10O0,9O8O 7O,0,6O5O
0,4O 0,0,2O1O , 010E)(8E0,0,6E5E)(4E9E,2E,3E1E
  CC
,~ 0
         += ⎥⎦
⎤⎢⎣
⎡
=>>=>==
>=>>===
10E8E 0,7E6E 5E,0,4E9E)(3E 2E,1E:
: 010E)(8E0,0,6E5E)(4E9E,2E,3E1E
 EE C
,~ 0          
         ++ ⎥⎦
⎤⎢⎣
⎡
>>>=>>>>
>=>>===
010O 0,9O  0,7O)(6O 0,5O 0,3O 0,2O 0,1O:
: 010E)(8E0,0,6E5E)(4E9E,2E,3E1E
 EO C
~
   (18) 
         ++
⎥⎦
⎤⎢⎣
⎡
=>>=>==
>>>=>>>>
10E0,8E0,7E6E 5E,4E 0,9E)(3E 2E,1E:
:00,10O0,9O8O 7O,0,6O5O 0,4O 0,0,2O1O 
 OE C
~   
         ⎥⎦
⎤⎢⎣
⎡
>>>=>>>>
>>>=>>>>
+ 010O 0,9O 0,7O)(6O 0,5O 0,3O 0,2O 0,1O:
:00,10O0,9O8O 7O,0,6O5O 0,4O 0,0,2O1O 
OO  C
~
 
              
thus the submatrices are (19). 
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The resulting matrix (20) is composed of these four 
sub-matrices (19) CEO, COE are multiplied by member 
z-1/2. 
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IV. CONCLUSION 
A unified method in analyzing switched capacitor 
circuits is presented. This method can be used for 
solving SC circuits by hand.  
When in e.g. [6] first is compile matrix 2Nx2N 
size (i.e. 20x20 for circuit from Fig.6) which is 
reduced in next step, in the described method the 
reduction is carried out already in the NxN matrix 
(i.e. 10x10 size). Therefore, the reduction is clearer as 
well as a method. 
Thanks its clarity it is supported understanding of 
the principle of switched circuit analysis as well. 
The described method gives the solution a purely 
mathematically when, after decomposition of the 
reduction relation, only values are substituted. 
Solved matrix has half rows and columns, i.e. 
computed matrix contains a quarter of elements. 
Reduction relationship is approximately half as is 
shown in (6), (9), (11), (12), (17). Although the 
calculation must be done four times, the resulting 
computational complexity is approximately half them 
from integrated matrix. Therefore hand solving by 
described method is clear and well-arranged. 
ACKNOWLEDGMENT 
This work is sponsored by Department of Electrical 
Engineering, University of Pardubice. 
 
REFERENCES 
[1]. T Bičák, J., Laipert, M., Vlček, M.(2007). Linear Circuits and 
Systems. CTU Publisher, Prague, 2007. 
[2]. Biolek, D., Biolkova, V. (20001). Analysis of Circuits 
Containing Active Elements by using Modified T-graphs.  
Advances in Systems Science: Measurement, Circuits and 
Control, 279-283, WSEAS Press, Electrical and Computer 
Engineering Series. 
[3]. Brtník, B. (2011). Full-Graph Solution of Switched Circuits. 
Lambert Academic Publishing GmBH, Saarbrucken. 
[4]. Čajka, J. (1979). The Circuits Theory. Linear Circuits. 
SNTL/ALFA, Prague. 
[5]. Dostál, T. (1984). The Analysis of the Active Components 
Containing Switched Capacitors by Nodal Voltage Method. 
Electronics horizont, 45(1), 21-26. 
[6]. Martinek, P. Boreš, P. Hospodka, J. (2003) The Electric 
Filters. CTU Publisher, Prague, 2003. 
[7]. Brtník, B. (2012). Full-Graph Method of Switched Capacitor 
Circuit Analysis. Przeglad Elektrotechniczny. 88(6). 332-336. 
[8]. Brtník, B. (2012). Solution of Switched Current Circuits by 
MC-Graph.  Electronics horizont, 68(4), 20-22. 
[9]. Brtník, B (2013) Assembling a Formula for Current 
Transferring by Usig a Summary Graph and Transformation 
Graphs. Journal of Electrical Engineering. 64(5). 334-336. 
[10]. Brtník, B. (2011). Full-Graph Methods of Switched Current 
Circuit Solutions. Computer Technology and Application . 
2(6). 471-478. 
[11]. Yuan, F., Opal, A.(2004) Computer Methods for Analysis of 
Mixed-Mode Switching Circuits. Kluver Academic 
Publishers, Boston. 
[12]. Vlach, J., Singhal, K. (2003). Computer Methods for Circuit 
Analysis and Design, 2nd ed. Van Nostrand Reynhold, New 
York. 
